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Abstract 
In term of the long-distance and low-frequency travel in comprehensive transportation corridor, choice behavior for traveler in 
comprehensive transportation corridor will be researched using disaggregate model. The following research conclusion can be 
drawn up. Firstly, there are significant differences of passenger transport demand structure in different periods. The departure 
time has great influence on passengers travel choice for middle-long-distance travel, while the departure time has few effects on 
choice behavior for short-distance passengers. Secondly, railways has an apparent advantage in the middle-long-distance, and the 
advantage distance of high speed railway is about 500-1000 km, express train is about 1000-2200 km, and air service advantages 
is over 2200 km. Secondly, Income, fares and travel distance is still the main factors influencing choice behavior  of passengers 
in comprehensive transportation corridor. Market shares about different mode can be effectively optimized by adjusting the ticket 
fare. This research content can provide theoretical basis for rational design and scientific plan of passenger transport 
infrastructure in comprehensive transportation corridor. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology. 
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1. Introduction  
With the development of economy and the construction of regional economy, communication of people in 
different regions becomes more frequent, and brings about the rapid growth of passenger travel between different 
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regions. Middle-long-distance transport corridor undertakes the main transportation mission among regions, and 
plays an important role in promoting the communication of business and information. There are several transport 
modes of different technology and economic features in middle-long-distance transport corridor. Fierce competition 
exists in all kinds of transportation modes. Different transportation modes have different rank in security, service 
quality and ticket fare. 
At present, regional passengers is rapidly growing in china. From 2005 to 2015, the average railway 
transportation distance doubles [1]. Besides, the application of new technology and the emergence of high-speed 
train observably change transport mode features, such as capacity and speed. Fast growing travel demand and 
significantly increase of passengers travel distance make transport structure changed greatly in comprehensive 
transport corridor. Combining feature of middle-long-distance passengers with the change of transport feature, the 
factors that affect passengers’ transport choice behavior is very urgent to research now, which can provide a basis 
for rational plan and regulation of transport supply. 
To predict the market share of passenger in different transport modes, plenty of literatures research passengers 
travel choice behavior. Discrete choice model is an important method to analyze passenger choice behavior. Early 
researches focus on travel choice behavior in short-distance. Parameters in models have no difference without 
considering the passenger’s differences. In order to accurately find out passenger travel choice behavior influenced 
by their preference, different kinds of passengers are separated and corresponding models were set up for each kind 
of passenger in subsequent researches. 
Discrete choice model has been widely used to research passenger choice behavior in the middle and long 
distance corridor. Andres [2] have ameliorated existing parameter estimation method on the base of the features of 
long-distance transportation corridor. Raquel Espino (2007) set up a disaggregate model based on the RP and SP 
data, and also analyzes the passengers’ choice behavior between private car and bus in the outskirts transportation 
corridor. The influencing factors such as trip cost, trip time, departure frequency, parking cost and comfort degree 
are all considered in the study. Hsu [3] set up a binomial logit model based on SP survey data, studied passenger 
choice behavior who takes high speed railway. Paolo [4] analyzed the composition of the passenger flow, and the 
features of passenger choice behavior in transportation corridor from shanghai to Hangzhou. The multinomial logit 
model is applied to set up choice model, respectively travel utility function of passengers is calibrated in different 
income groups. Maria [5] set up variable weighted generalization cost function, which is used to take place of utility 
function of legit model. Variable weighted mode of passenger flow share rate has been exported. Rodrigo [6] set up 
a nest logit model to analyze the passenger choice behavior, and found out that most of the high speed railway 
passenger is sensitive type in port fee. Passengers can be more easily attracted to choice high speed railway to travel 
by cutting down port fee than port time. 
The above researches laid a solid foundation to the middle-long-distance passenger choice behavior. However, 
early discrete choice model is mainly used in city traffic. Therefore, sample data is based on random sampling 
survey in the early research. But it is hard to get enough sample size for passenger in comprehensive transportation 
corridor in such low frequency. In addition, because the transport mode is diversified, it’s hard to satisfy the plan 
requirement of comprehensive transport corridor now. As well as the improvement of the speed of railway, the 
traditional advantages of various transportation distance changes.  
Aim at the practical situation of passenger travel in comprehensive transportation corridor, such as long distance, 
low frequency, the study establishes the passenger transport choice behavior model in integrated transport corridor. 
Then variable parameter was calibrated in model based on the passenger survey data of Jinghu transport corridor. 
On the basis of using this model passenger travel choice behavior was analyzed. 
2. Passenger travel choice behavior survey 
2.1. Survey method 
Low frequency and long distance lead to the rareness of passenger choice behavior and the universality of survey 
field. Therefore, larger scale survey has to be done to get enough sample size, which sharply increases the cost. 
Besides, informants are asked to recall travel that happened long time ago in the survey, it’s hard to ensure accuracy 
of the survey [7]. Simple random sampling survey should be used as an effective survey method to analyze the low 
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frequency of passenger choice behavior in integrated transport corridor. Pure choice behavior sampling survey 
method will be takes to survey passenger transport choice behavior in comprehensive transportation corridor [8]. 
Pure choice behavior sampling surveys passenger who have chosen kinds of means to travel and being in the 
journey, it’s more efficient and more accuracy than home interview survey. Besides, using the traditional way, in 
which transportation is divide into railway, road, aviation etc, the divided modes can hardly reflect practical 
situation in the market of long-distance transportation, for the modes that passenger can choice is more various than 
before. In consequence, this paper takes pure choice behavior sampling survey method to survey the situation about 
passengers’ choice to all kinds of transportation, which based on analysis of passenger transport choice behavior. 
2.2. The design of questionnaire 
According to the complexity of the passengers in Shenshan comprehensive transportation corridor, we design 
passenger questionnaire with classification. According to the investigation object types, the questionnaires are 
divided into high speed railway passenger questionnaire, general speed railway passenger questionnaire, civil 
aviation and bus passengers’ questionnaire [9]. At the same time, we will combine the RP with SP survey when 
designing the questionnaire. The RP survey questionnaire is mainly to understand the passenger property of age, 
gender, income and so on, and trip property including trip distance, departure time, travel mode, etc. For the 
situation of some passengers who are not familiar with the high speed railway/motor car in Shenshan comprehensive 
transportation corridor, we design the questionnaire of SP survey to more fully understand the potential impact of 
departure time, travel distance, travel speed and travel costs and other factors to traveler choice behavior. In order to 
save the cost of the investigation, we converted the travel distance, travel speed and fare rates to the departure 
(destination) and the corresponding transport times and fares, and the comfort are replaced with a different seats 
category [10]. Departure time is divided into four intervals of morning, afternoon, evening and midnight, we will 
investigate these four intervals respectively at 06:00-12:00, 12:00-19:00, 19:00-23:00, and 23:00-06:00 [11]. 
2.3. The statistics of questionnaire 
In order to calibrate parameters of passenger choice behavior model in comprehensive transportation corridor, we 
issued 4000 questionnaires at the airport, high-speed railway stations and bus stations, and recycling 3800 valid 
questionnaires. RP survey sample’s data characteristics are listed in Table 1. 
From the Table 1, young and middle-aged people are the most of investigation object, and most of them are 
middle-income. The purposes of more than half passengers are tourism and leisure or visiting friends and relatives, 
and the departure time is after 11:00 in most cases. The choice results of passengers on SP survey are on Table 2. 
From the Table 2, when the travel distance is Long distance, only few travelers choose coach travel, and when the 
travel distance is less than 300km, generally there is no flight available for travelers to choose. 
According to the complexity of the passengers in Jinghu comprehensive transportation corridor, we design 
passenger questionnaire with classification. According to the investigation object types, the questionnaires are 
divided into high speed railway passenger questionnaire, general speed railway passenger questionnaire, civil 
aviation and bus passengers’ questionnaire. At the same time, we will combine the RP with SP survey when 
designing the questionnaire. The RP survey questionnaire is mainly to understand the passenger property of age, 
gender, income and so on, and trip property including trip distance, departure time, travel mode, etc. For the 
situation of some passengers who are not familiar with the high speed railway/motor car in Jinghu comprehensive 
transportation corridor, we design the questionnaire of SP survey to more fully understand the potential impact of 
departure time, travel distance, travel speed and travel costs and other factors to traveler choice behavior. In order to 
save the cost of the investigation, we converted the travel distance, travel speed and fare rates to the departure 
(destination) and the corresponding transport times and fares, and the comfort are replaced with a different seats 
category. Departure time is divided into four intervals of morning, afternoon, evening and midnight, we will 
investigate these four intervals respectively at 06:00-12:00, 12:00-19:00, 19:00-23:00, and 23:00-06:00. 
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Table 1. Preliminary statistics questionnaire. 
Survey project Level Frequency Percentage˄%˅ 
Gender 
Male 2356 62 
Female 1444 38 
Age 
18 209 5.5 
18-29 1645 43.3 
30-39 1147 30.2 
40-49 692 18.2 
50-59 87 2.3 
60 19 0.5 
Departure Time 
6:00-12:00 882 23.2 
12:00-19:00 1246 32.8 
19:00-23:00 1448 38.1 
23:00-6:00 224 5.9 
Cost type 
At public expense 752 19.8 
At their own expense 3048 80.2 
Trip purpose 
Official business 255 6.7 
Business 391 10.3 
Learning and training 281 7.4 
Travel and leisure 1022 26.9 
Visiting friends 768 20.2 
Workers 730 19.2 
Other 353 9.3 
Income level 
1500 711 18.7 
1501-3000 847 22.3 
3000-5000 1273 33.5 
5001-8000 486 12.8 
8001-10000 315 8.3 
10001 167 4.4 
Table 2. Choice results of passengers on SP survey. 
Modes 
Short distance 
(300KM) 
Long distance(300km) 
6˖00-23˖00 6˖00-11˖00 11˖00-16˖00 16˖00-19˖00 19˖00-23˖00 
Frequen
cy 
Percenta
ge 
Frequenc
y 
Percentag
e 
Frequenc
y 
Percentag
e 
Frequenc
y 
Percentag
e 
Frequenc
y 
Percentag
e 
Common 
railway 116 15.2 125 16.5 200 26.3 258 33.9 350 46.0 
High-speed 
railway 382 50.3 293 38.5 293 38.6 322 42.4 218 28.7 
air 0 0 181 23.8 130 17.1 97 12.7 124 16.3 
Highway 262 34.5 161 21.2 137 18.0 84 11.0 68 9.0 
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3. Choice behavior model 
3.1. The model’s principle analysis 
The disaggregate model has many characteristics, including strong logic, small sample data, high prediction 
accuracy, great choices of related factors [12]. They are widely used in traffic mode choice, market analysis and 
policy evaluation, etc. The survey of disaggregate model can be divided into the survey of choice behavior of 
passengers has been completed and under the assumption of the choice behavior survey, and thus generate RP and 
SP survey data. To obtain sufficient accuracy of the model parameters, the general amount of sample needed is 
2000-3000 [13]. Because the disaggregate model of the model structure is easy to operate, we apply logit model to 
study the passenger choice behavior in comprehensive transportation corridor. 
The disaggregate model’s theoretical basis is the hypothesis that consumers seek to maximize utility in the term 
of choice [14]. According to the utility theory, if we assume that the behavior of visitors to choice a set of 
^ `1, 2 ,mn jA a j  " , j is the number of modes of transport; choice behavior ja ’s utility function is jnU , then the 
final passenger choice behavior ia  should be the choice behavior of the largest utility function value corresponding 
to nA . Thus, 
nia A , ^ `in = max 1,2,jnU U j  " , 1,2, ni  "     (1)
Random utility theory also believes that the utility is a random variable. Random utility theory usually divided 
utility function into non-random changes terms (fixed items) and randomly varying portion (probability items), and 
assume a linear relationship between them [15]. Then passenger’s choice utility function jnU  can be show as: 
in in in= +U V H                                                                 (2) 
In the formula: inV  is a fixed term in the utility function. inH  is the probability item in the utility function. 
Assuming inH  obeys with the same parameters and independent gumbel distribution, according to the nature that 
independent and identically distributed gumbel distribution’s difference variable obeys the Logistic Distribution [16]. 
We can deduce the general form of logit models on describe the probability of passenger choice inP  behavior ia . 
in
jnin
j
e=
e
V
V
P
¦
                                                            (3) 
Assume the factors affecting passenger choice behavior in a linear relationship, can be expressed as: 
in ik
k
= inkV xE¦                                                        (4) 
In the formula: ikE  is the k-th factors choice behavior ia  for visitors. 
According to equation (3) and (4) to obtain the model of travel choice in comprehensive transportation corridor is: 
 
ik
k
in
e 1=
ink
jk jnk jk jnk ik ink
k k
x
x x x
j j
P
e e
E
E E E
¦
 ¦ ¦
¦ ¦
                     (5) 
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3.2. Explanatory variables Calibration 
Initially identified the basic form factors and models, we use the application of statistical analysis software 
SPASS17.0 values in the calibration of the model. The results are shown in table 3. In the table, aldW  is the test 
statistics, igS is the statistic significance level. If corresponding<0.05, that has great impact on passenger choice 
behavior, shall be incorporated in the passenger choice behavior model; or that impact on passenger choice behavior 
can be ignored [17]. 
Table 3. Results of choice model in transportation corridor. 
Factors 
Common railway High speed railway AIR Highway 
ȕ1k Wald Sig ȕ2k Wald Sig ȕ3k Wald Sig ȕ4k Wald Sig 
Gender 0.04 1.62 0.22 0.03 3.77 0.05 0.08 4.8 0.06 0.05 0.07 0.80 
Age -0.03 2.18 0.14 0.07 9.70 0.00 0.02 1.30 0.29 -0.01 0.50 0.48 
Income 0.53 16.10 0.00 0.61 24.20 0.00 0.68 36.90 0.00 0.60 34.91 0.00 
Cost source 0.05 0.01 0.91 0.42 10.00 0.00 0.91 6.00 0.01 0.07 0.93 0.34 
Fare -0.42 24.07 0.00 -0.82 28.40 0.00 -0.62 55.23 0.00 -0.81 18.30 0.00 
Distance 0.6 62.33 0.00 0.201 15.12 0.00 0.61 52.23 0.00 -0.11 45.24 0.00 
Speed 0.24 52.12 0.00 0.23 15.21 0.00 0.08 38.50 0.00 0.22 48.9 0.00 
Departure 
interval -0.09 8.23 0.01 -0.12 21.91 0.01 -0.21 10.01 0.002 -0.13 12.0 0.001 
comfort 0.41 49.62 0.00 0.25 9.80 0.002 0.13 65.37 0.00 0.31 46.3 0.00 
Purpose 0.02 0.03 0.94 -0.34 6.66 0.02 -0.37 9.68 0.004 0.03 0.01 0.91 
 
Based on the results above, we can draw the following conclusions: 
Firstly, Income plays great impact on passenger choice behavior. Cost sources (publicly or privately) will affect 
the passenger's choice of high speed railway and civil aviation. The probability choice of high speed rail or air will 
increase with travel costs increasing. Therefore, for passengers traveling at public expense, choice probability of 
high speed rail or air will increase. In addition, income can affect the passenger's choice of all modes of transport 
and is the most significant influence. 
Secondly, fares is most significant to affect choice behavior in the mode attributes by comparing the absolute 
value of R. Travel speed, departure intervals and comfort will all affect the passenger's mode choice. In four 
different modes of transport, the travel speed and comfort is the most sensitive to passengers choosing air. 
Thirdly, trip purpose has more significant effects on high speed railway and air, and trip distance will affect 
passengers on all modes. 
4. Passenger product distribution 
Comprehensive transportation corridor includes the various modes of transport. Passengers have their own 
characteristics [17]. With the operation of high-speed railway, passenger travel has formed a rich level of passenger 
flux in speed and comfort, which will make the traditional demand structure changed significantly. The application 
of the travel choice model in comprehensive transportation corridor to simulate passenger products at different 
levels is help to research passenger choice behavior rules [18]. 
In the paper, Passenger transport products can be divided into High-Speed Rail, Common railway, Air and 
Highway. According to the type of passenger transport product, the basic characteristic can be showed in table 4. 
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Table 4. Basic characteristic of all products. 
Modes Code Speed Fare Seat category 
High speed railway 
HSR-1 300 0.71 First class 
HSR-2 300 0.42 Second class 
TS-1 160 0.48 First class 
TS-2 160 0.30 Second class 
Common railway 
TS-3 160 0.49 Sleeper 
ER-1 95 0.13 Hard seat 
ER-2 95 0.23 Sleeper 
Air AIR 800 0.81 Economy class 
Highway 
BUS 60 0.30 Bus 
CAR 100 0.53 Car 
4.1. Time distribution characteristics 
Bringing the data into the passenger travel choice model, the probability of passengers is calculated. As shown in 
table 5. 
Attraction from all means of transportation for passenger changes in different travel distance and different time of 
departure [19]. In aspect of travel distance, most of the long distance passenger choose railway and civil aviation, 
25.8% of them choose the latter; It should be noticed that the proportion of long distance passenger who choose 
railway express train reach up to 35.5%, which amount to the proportion of those passenger who choose emu high-
speed railway train and railway train; Competition is mainly focus between railway and road in the 300km distance, 
while railway transportation possesses significant advantages for diversity, punctuality, safety and speediness. More 
passengers choose railway trains than emu high-speed railway, for emu high-speed railway have little advantage 
while the price is higher. 
Table 5. The choice probability in different departure time. 
Distance Departure time 
Probability 
HSR-1 HSR-2 TS-1 TS-2 TS-3 ER-1 ER-2 AIR BUS CAR 
Long 
distance 
6 .00-12 .00 7.6 26.1 1.6 14.4 0.0 8.6 7.9 33.8   
12.00-19.00 6.2 30.2 2.3 7.9 0.0 16.9 19.4 17.1   
19:00-23:00 3.8 20.9 0.7 3.0 0.0 16.4 42.5 12.7   
23:00-6:00 0.3 13.2 0.3 2.7 12.2 8.8 37.2 25.3   
proportion 4.3 21.2 1.0 7.7 4.5 10.8 24.7 25.8   
Short 
distance 
6 .00-12 .00 7.4 28.6 9.6 33.7  8.9 0.6  9.8 1.4 
12.00-19.00 6.9 26.9 9.9 34.9  9.1 0.7  9.6 2.0 
19:00-23:00 7.7 29.2 8.9 32.6  8.3 0.6  10.1 2.6 
23:00-6:00 8.5 30.9 8.7 32.8  7.6 0.5  8.9 2.1 
proportion 7.5 28.7 9.4 33.8  8.7 0.6  9.7 2.3 
 
In aspect of departure time, the demand structure of long-distance passenger chances with time obviously, which 
can be reflect from the phenomenon that the proportion of passenger chooses civil aviation is highest in morning 
while lowest in noon. But the proportion of passenger chooses express train with hard berth reaches it’s not highest 
in 12:00-19:00 nor than 23:00-6:00, which shows that passenger’s choice of means of transportation is influenced by 
both the time of departure and the duration of travel. These can prove that the demand structure of long-distance 
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passenger chances with time obviously, which can mainly reflected from middle-long-distance passenger. Passenger 
transportation demand distribution of time and space should be adequately considered in planning of passenger 
transport organizations in comprehensive transport corridor. 
In conclusion, the time distribution of transportation of passenger transport organizations in Shenshan 
comprehensive transport corridor should be improved more. In aspect of middle-short-distance, the supply level of 
railway trains should be improved; In aspect of middle-long-distance, the supply proportion of night express train 
with hard berth should be improved, while the supply proportion of emu high-speed railway should be reduced. 
4.2. The characteristics of space distribution
Space distribution of passenger will be further analyzed by select representative transport modes, and finding the 
change rule how passenger transportation demand structure in comprehensive transport corridor changes with travel 
distance. 

Fig. 1. Passenger flow sharing ratio of traffic means in different travel distance. 
Sharing rate is predicted under the different travel distance. The curve shows the contribution rate of change with 
travel distance. Obviously, the travel distance had a greater impact on the passenger demand structure. With the 
increase of travel distance, market share of AIR and express train is rising. The market share of common railway 
and highway gradually decline. The market share of high-speed railway undergoes an increased and then decreased 
process, its extreme points is in 600-800 km. In addition, when travel distance is less than 500km, about 40% of the 
passengers will choose the common railway. Within the 500-1000km, high-speed railway is of significant advantage. 
Within the 1000-2200km, the probability of express train will be selected. When the travel distance is greater than 
2200km, the air becomes the most competitive passenger transport products. 
Therefore, in the planning of passenger transport channel supply structure in the process, should fully consider 
the space distribution of passenger demand structure. The distribution of passenger transport products structure 
about transport corridor space, there exists the problem of short distance in normal speed railway EMU and the long 
distance express ability shortage. 
5. Conclusion 
Passenger choice behavior was researched in comprehensive transportation corridor based on the sampling 
survey method. According to the survey data of choice behavior of passengers in Jinghu corridor, the influence of 
passenger transport properties, behavior characteristics and travel characteristics of passengers' choice were 
analyzed. The following conclusion can be obtained [20]. 
The starting time has great effect on passenger choice behavior in the long distance. Passenger demand structure 
is significant different in the different periods. The maximum probability of air will be selected in 6:00-12: 00, In 
the 12:00-19:00 period 42.5% of the travelers take the express train. For short distances travel, choice behavior will 
be less affected by departure time. When the travel distance is less than 500 km, 40% of passengers will choose the 
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common speed railway, which is higher than the proportion of passenger travel by high-speed railway. In the 500-
1000km distance, high-speed railway has great advantages. In 1000-2200 km distance, the probability of choosing 
express train is the maximum. When the travel distance is greater than 2200 km, the aircraft become the most 
competitive transport products. Various representative modes of transport have certain advantages distance.  
Therefore, in the planning of comprehensive transportation corridor in the process of various modes of transport 
passenger transport products, the passenger shall supply structure in spatial distribution of passenger demand as 
much as possible and the spatial distribution is consistent, the maximum to meet the various modes of transport of 
passengers in a comprehensive transportation corridor passenger demand. 
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